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= (54) Title: PHOTOPOLYMERIZABLE COMPOSITIONS AND FLEXOGRAPHIC PRINTING PLATES DERIVED 
|H THEREFROM 

(57) Abstract: The present invention relates to a photopolymerizable composition, which comprises: (a) from 20 to 98.9 % by 
^ weight, based on the weight of components (a) and (b) of one or more thermoplastic elastomeric block copolymers comprising a 
thermoplastic elastomeric block copolymer of the formulae A-C-A (1) or (A-C) n X (2) wherein each A independently represents a 
polymer block of predominantly a monovinyl aromatic hydrocarbon having an apparent molecular weight in the range of from 7,000 
J^J to 25,000, wherein n is an integer equal to or greater than 2 and wherein X is the residue of a coupling agent, and wherein each C 
independently represents a substantially random copolymer block J/13) of predominantly isoprene and butadiene in a mutual weight 
^ ratio in the range of from 20/80 to 80/20, wherein said polymer block C has a glass transition temperature (Tg) of at most OC, 
O (determined according to ASTM E- 1356-98), and having a vinyl bond content (the 1,2 and/ or 3,4-addition polymerization of the 
^ isoprene and butadiene) in the range of from 5 to 70 mole%, said thermoplastic block copolymer having a poly(monovinyl aromatic 
O hydrocarbon) content in the range of from 10 to 45 wt% and having an apparent molecular weight of the complete block copolymer 
0> in the range of from 100,000 to 1,500,000, (b) from I to 60 % by weight, based on the weight of components (a) and (b), of one 
or more photopolymerizable ethylenically unsaturated low molecular weight compounds, (c) from 0. I to 10 % by weight, based 
on the total photomerizable composition of one or more polymerization initiators, and optionally (d) from 0 to 40 % by weight, 
based on the total photopolymerizable compositions, of one or more auxiliaries, and flexographic printing plates derived from said 
photopolymerizable compositions, and flexographic printing relief forms prepared from said plates. 
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Description 

PHOTOPOLYMERIZABLE COMPOSITIONS AND 
FLEXOGRAPHIC PRINTING PLATES DERIVED THEREFROM 
Background Art 

[001] Photopolymerizable printing plates are known for use in making flexographic 
printing forms. The printing surface is produced by exposing a photopolymerizable 
layer image-wise to actinic radiation and subsequently removing the unexposed, non 
photopolymerized areas of the printing plate. Examples are found in the following 
patents: 

GB 1366769 — . 
i 

US 4266005 

US 4320188 -. 

US 4126466 — . 
i 

US 4430417 
i 

US 4460675 
and 

US 5213948 — . 

[002] Such photopolymerizable printing plates usually comprise a support, an optional 

adhesive layer or other underlayer, one or more photopolymerizable layers, an optional 
elastomeric intermediate layer and a cover layer. 

[003] A preferred method for making such multilayer photopolymerizable printing plates 
is by a process in which a previously extruded photopolymerizable composition is fed 
into the nip of a calendar and is calendered between a support layer and a cover layer, 
thus forming a photopolymerizable layer between them. 
EP 0084851 A—. 

disclosed a preparation method for a multilayer photopolymerizable printing plate, 
having an added elastomeric layer between the cover layer and the photopolymerizable 
layer. 

[004] The photopolymerizable layers contain polymeric binders, photopolymerizable 
monomers, photo-initiators, and added auxiliaries such as plasticizers, fillers, 
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stabilizers etc. 

[005] The polymeric binders are usually thermoplastic elastomeric block copolymers, as 
disclosed in e.g. 
GB 1366769 

. These are generally block copolymers of the general formulae A-B-A or (AB) r or 
(AB) X, comprising thermoplastic blocks A and elastomeric blocks B, particularly 
linear and radial block copolymers with poly(monovinyl aromatic hydrocarbon) end 
blocks. Examples of such block copolymers include the following or mixtures of said 
block copolymers: 

[006] 



Table 1 



S-I-S 


polystyrene/polyisoprene/polystyrene 


S-B-S 


polystyrene/polybutadiene/polystyrene 


(S~I) 4 Si 


tetra(po1ystyrene/polyisoprene)silane 


(S-B) 4 Si 


tetra(polystyreneyi>olybutadiene)silane 



[007] The use of block copolymers having a certain vinyl content was also known for 
special purposes, such as those for improving printing plate properties with special 
monomers as disclosed in 
EP 0525206 A — . 

, or for preparing printing plates without monomer addition. 

[008] Thepolystyrene/polybutadiene/polystyreneand polystyrene/ 

polyisoprene/polystyrene block copolymers or mixtures thereof were preferred until 
now for making flexographic printing forms. Nevertheless, the current state of the art 
printing relief forms do not always meet the present requirements for flexographic 
printing. More in particular, when S-I-S block copolymers are used, the obtained 
flexographic printing plates show a too low and hence unattractive Shore A hardness, 
and also have the tendency tor degradation causing unwanted surface stickiness; when 
S-B-S block copolymers are used, the obtained flexographic printing plates show a bad 
processing stability leading to gel formation and resulting bad resolution of the final 
developed plate; and when mixtures of said both block copolymers are used, the 
transparency of the flexographic printing plate is bad. 

[009] It would be highly advantageous for formulators of printing plates to have the 
flexibility to adjust properties by rnixing SIS and SBS polymers. However, the 
resulting incompatibility leads to haziness and UV scattering limiting the resolution. 

r0101 In 
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this problem has also been recognized and a solution is provided comprising a pho- 
topolymerizable composition which comprises a mixture of SIS and SBS block 
copolymers as binder, ethylenically unsaturated monomers, plasticizer and pho- 
toinitiator, wherein the SIS block copolymer may be a conventional block copolymer 
(e.g., KRATON® Dl 161), but wherein the SBS block copolymer is selected to have a 
vinyl bond content in the range from 50 to 60% (e.g., KRATON® D kx222). Albeit 
that crystal-clear photopolymerizable flexographic printing elements are produced, the 
person skilled in the art will be severely limited in his choice of feedstock material. 

[01 1 ] The present invention overcomes this problem. The incorporation of both isoprene 
and butadiene into the rubber block gives the unexpected result of excellent 
transparency, and a desirable balance of processing stability, and plate hardness. 
Furthermore, surprisingly, this excellent transparency is preserved when the S(I/B)S 
block copolymer is mixed with either SIS and/or SBS type block copolymers. This 
gives the formulator further flexibility. 

[0121 Therefore it is an object of the present invention to provide photopolymerizable 
compositions, which have to show an improved combination of processing stability, 
low melt viscosity and transparency while the flexographic printing plates derived 
from them have to show an improved combination of Shore A hardness, transparency 
and solvent resistance. 

[01 3] Another object of the present invention is to provide improved flexographic printing 
relief forms, prepared from said plates aimed at by selective image-wise irradiation 
through a mask and subsequent removal of non photopolymerized polymer. 
Disclosure of Invention 

[014] As result of extensive research and experimentation, said photopolymerizable com- 
positions aimed at have now been surprisingly found. 

[015] Accordingly the present invention relates to a photopolymerizable composition, 
which comprises: 

(a) from 20 to 98.9 % by weight, based on the weight of components (a) and (b) of one 
or more thermoplastic elastomeric block copolymers comprising a thermoplastic 
elastomeric block copolymer of the formulae 
A-C-A(l)or(A-C)X(2) 

wherein each A independently represents a polymer block of predominantly a 
monovinyl aromatic hydrocarbon having an apparent molecular weight in the range of 
from 7,000 to 25,000, wherein n is an integer equal to or greater than 2 and wherein X 
is the residue of a coupling agent, and wherein each C independently represents a sub- 
stantially random copolymer block (I/B) of predominantly isoprene and butadiene in a 
mutual weight ratio in the range of from 20/80 to 80/20, wherein said polymer block C 
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has a glass transition temperature (Tg) of at most 0°Q (determined according to ASTM 
E-l 356-98) , and having a vinyl bond content (the 1,2 and/or 3,4-addition poly- 
merization of the isoprene and butadiene) in the range of from 5 to 70 mole%, said 
thermoplastic block copolymer having a poly(monovinyl aromatic hydrocarbon) 
content in the range of from 10 to 45 wt% and having an apparent molecular weight of 
the complete block copolymer in the range of from 100,000 to 1 ,500,000, 

(b) from 1 to 60 % by weight, based on the weight of components (a) and (b), of one or 
more photopolymerizable ethylenically unsaturated low molecular weight compounds, 

(c) from 0.1 to 10 % by weight, based on the total photomerizable composition of one 
or more polymerization initiators, and optionally 

(d) from 0 to 40 % by weight, based on the total photopolymerizable compositions, of 
one or more auxiliaries. 

[016] The present invention also relates to improved flexographic printing plates derived 
from said photopolymerizable compositions and to flexographic printing relief forms 
produced therefrom. 
Mode for the Invention 

[017] Hie monovinyl aromatic monomer is typically selected from styrene, C -C 4 
alkylstyrene and C -C 4 dialkylstyrene, in particular styrene, a-methylstyrene, o- 
metnylstyrene or p-methylstyrene, 1,3-dimethylstyrene, p-tert-butylstyrene, vinyl 
naphtalene or mixtures thereof. Styrene is the most preferred monomer. With the term 
"r^dominantly vinyl aromatic hydrocarbon", as used throughout the specification, is 
meant that for the respective blocks to be prepared, a substantially pure monovinyl 
aromatic hydrocarbon and preferably styrene or mixtures comprising at least 95 wt% 
of monovinyl aromatic hydrocarbon and preferably styrene and minor amounts of 
other comonomers can be used. Hie small proportions of other comonomers in the 
preferably polystyrene blocks can consist of structurally related comonomers such as 
alpha-methyl styrene, p-methyl styrene, o-methyl styrene, p-tert.butyl styrene, 
dimethyl styrene and vinyl naphtalene, or butadiene and/or isoprene. It will be ap- 
preciated that in preferred block copolymers used as component (a) the 
poly(monovinyl aromatic hydrocarbon) blocks will consist of substantially pure 
poly(styrene). 

[018] With the term "predominantly isoprene and butadiene", as used throughout the 
specification, is meant that for the respective blocks to be prepared, a substantially 
pure isoprene/butadiene mixture comprising at least 95 wt% of isoprene and butadiene 
and minor amounts of other comonomers can be used. The small proportions of other 
comonomers in the poly(isoprene/butadiene) block can consist of structurally related 
alkadienes and/or styrene and/or its related comonomers as mentioned hereinbefore. 
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[019] Preferred block copolymers to be applied according to the present invention contain 
blocks of substantially pure styrene and block(s) of mixtures of substantially pure 
isoprene and butadiene. 

[020] In preferred compositions, the mutual weight ratio between isoprene and butadiene 
in the 1/B blocks is in the range according to the equation: 
-30<4OfV-I<30 

wherein I is the average isoprene content in the I/B block and "V" is the average molar 
ratio in percent of 1,2 or 3,4 addition polymerization in the I/B blocks. 
[021] The block copolymer according to the present invention may be branched or linear 
and may be a triblock, tetrablock or multiblock, but it must contain at least two 
poly(monovinyl aromatic) blocks and preferably two poly(styrene) blocks. 
[022] With the term "substantially at random polymerized mixtures of isoprene and 
butadiene" is actually meant that the central (I/B) blocks only contain average ho- 
mopolymer block lengths of less than 100 monomer units and preferably of less than 
50 monomer units and more preferably of less than 20 monomer units, resulting in 
only one peak on loss tangent (tan 6). Said average homopolymer block length may be 
detennined by various methods. The method used in the present application is based on 
carbon-13 NMR and said method has been disclosed in detail in 
WO 02057386 
, pages 12, 13, 14 and 15. 
[023] The polymer blocks S have an apparent molecular weight in the range of from 

7,000 to 25,000 and preferably from 10,000 to 15,000. 
[024] The poly(monovinyl aromatic hydrocarbon) content and preferably poly(styrene) 
content (PSC) in said block copolymers is in the range of from 10 to 45 wt%, 
preferably from 14 to 25 wt% and more preferably from 15 to 20 wt%. 
[025] The block copolymers to be used according to the present invention preferably 
contain 1,2-vinyl bonds and/or 3,4 vinyl bonds in a proportion of at most 70 mole%, 
based on the molar ratio of conjugated diene and is preferably in the range of from 5 to 
40 mole%. 

[026] More preferred weight proportions of component (a) are in the range of from 20 to 
80 wt%. 

[027] As indicated, component (a) may also be a mixture of the thermoplastic elastomeric 
block copolymer of the formulae 
A-OA(l)or(A-C)X(2) 

and a regular block copolymer of the general formulae A-B-A, (A-B)n or [A-B)] n X, 
typically an S-I-S or S-B-S block copolymer. In case a mixture is used, then the 
polymer having a substantially random copolymer block of predominantly isoprene 
and butadiene comprises at least 30% by weight on component (a), preferably at least 
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50% by weight. If blends of block copolymers are used, it may be beneficial to include 
an S-B-S polymer with a high vinyl content 

[028] The block copolymers according to the present invention can be prepared by full 
sequential polymerization of predetermined batches of predominantly monovinyl 
aromatic hydrocarbon monomer, of isoprene/butadiene mixtures and of predominantly 
monovinyl aromatic hydrocarbon respectively (for triblock copolymers S-(I/B)-S) by 
anionic polymerization in an inert organic solvent, or by coupling of an initially 
prepared living diblock copolymer, obtained by sequential polymerization of pre- 
determined batches of predominantly monovinyl aromatic hydrocarbon and of pre- 
dominantly isoprene/butadiene by anionic polymerization in an inert organic solvent, 
with a coupling agent (to provide triblock or multiblock copolymers). 

[029] In both preparation methods the remaining living block copolymers have to be 

terminated by addition of a proton donating agent, such as an alkanol, e.g. ethanol or 
water. 

[030] It will be appreciated that block copolymers, prepared by means of coupling of 

living diblock copolymers by means of a coupling agent and termination of remaining 
living block copolymers will finally contain diblock copolymer, having the same S 
blocks. Diblock content, if any, is preferably less than 40% by weight on the basis of 
the block copolymers used as component (a). 

[03 1 ] Similarly, it will be appreciated that block copolymers, prepared by means of the 
process disclosed in 
EP 0691991 A -. 

, which is incorporated herein by reference, will finally contain diblock copolymer, 
having the same S blocks. Said European patent specification disclosed a process 
involving full sequential polymerization of a first linear block copolymer and poly- 
merization of a second block copolymer, while polymerizing the first linear block 
copolymer by adding a second batch of initiator at a predetermined moment during the 
preparation of the first block copolymer. 
[032] As examples of the coupling agent may be mentioned tin coupling agents such as 
tin dichloride, raonomethyltin dichloride, dimethyltin dichloride, monoethyltin 
dichloride, diethyltin dichloride, methyltin trichloride, monobutyltin dichloride, 
dibutyltin dibromide, monohexyltin dichloride and tin tetrachloride; halogenated 
silicon coupling agents such as dichlorosilane, monomethyldichlorosilane, 
dimethyldichlorosilane, diethyldichlorosiiane, monobutyldichlorosilane, 
diburyldichlorosilane, monohexyldichlorosilane, dihexyldichlorosilane, dibromosilane, 
monomethyldibromosilane, dimethyldibroraosilane, silicon tetrachloride and silicon 
tetrabromide; alkoxysilanes such as tetramethoxysilane; divinyl aromatic compounds 
such as divinylbenzene en divinyl naphthalene; halogenated alkanes such as 
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dichloroethane, dibromoethane, methylene chloride dibromomethane, dichloropropane, 
dibromopropane, chloroform, trichloroethane, trichloropropane and tribromopropane; 
halogenated aromatic compounds such as dibromobenzene; epoxy compounds such as 
the diglycidyl ether of bisphenol-A (e.g. EPON™ 8 25 or 826), and other coupling 
agents such as benzoic esters, C0 2 » 2-chloroprene and l-chloro-l,3-butadiene and di- 
ethyladipate or dimethyladipate. Of these EPON diglycidyl ethers, dibromobenzene, 
tetramethoxysilane and dimethyldichlorosilane are preferred. 

[033] The apparent molecular weights of the complete block copolymers and each of the 
intermediate precursors have been determined by Gel Permeation Chromatography, 
and expressed in terms of standard poly(styrene), (analogous to the method described 
in ASTM D5296-97). The block copolymers used as component (a) typically have an 
apparent molecular weight in the range of 100,000 to 1 ,500,000, with a preferred upper 
limit of 500,000 in case of linear block copolymers. 

[034] In general, the polymers useful in this invention may be prepared by contacting the 
monomer or monomers with an organoalkali metal compound in a suitable solvent at a 
temperature within the range from -150°C to 300°C, preferably at a temperature within 
the range from 0°C to 100°C. Particularly effective polymerization initiators are 
organolithium compounds having the general formula 
Rli 

wherein R is an aliphatic, cycloaliphatic, alkyl-substituted cycloaliphatic, aromatic or 
alkyl-substituted aromatic hydrocarbon radical having from 1 to 20 carbon atoms of 
which secbutyl is preferred. 
[035] Suitable solvents include those useful in the solution polymerization of the polymer 
and include aliphatic, cycloaliphatic, alkyl-substituted cycloaliphatic, aromatic and 
alkyl-substituted aromatic hydrocarbons, ethers and mixtures thereof. Suitable 
solvents, then, include aliphatic hydrocarbons such as butane, pentane, hexane and 
heptane, cycloaliphatic hydrocarbons such as cyclopentane, cyclohexane and cy- 
cloheptane, alkyl-substituted cycloaliphatic hydrocarbons such as methylcyclohexane 
and methylcycloheptane, aromatic hydrocarbons such as benzene and the alkyl- 
substituted hydrocarbons such as toluene and xylene, and ethers such as 
tetrahydrofuran, diethylether and di-n-butyl ether. Preferred solvents are cyclopentane 
or cyclohexane. 

[0361 Th e block copolymers according to the general formulae (1) and (2) can be made by 
mere adaptation of common processes used for the preparation of S-B-S type block 
copolymers and/or S-I-S type block copolymers, using a mixture of butadiene/isoprene 
instead. Of importance in the preparation of the block copolymers according to the 
present invention is to avoid homopolymer block formation, to ensure appropriate B/I 
ratio, and to produce a polymer block wherein the random midblock has a Tg of 0°C or 
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less. 

[037] Techniques to enhance the vinyl content of the butadiene portion are well known 
and may involve the use of polar compounds such as ethers, amines and other Lewis 
bases and more in particular those selected from the group consisting of diallcylethers 
of glycols. Most preferred modifiers are selected from dialkyl ether of ethylene glycol 
containing the same or different terminal alkoxy groups and optionally bearing an alkyl 
substituent on the ethylene radical, such as monoglyme, diglyme, diethoxyethane, 
1,2-dierhoxy-propane, l-ethoxy-2£-tert-butoxyethane, of which 1,2-diethoxypropane 
is most preferred. 

[038] It may also be beneficial to adapt the process by adding one or both comonomers 
during the formation of the mixed midblock. 

[039] The photopolymerizable compositions to be used according to the present invention 
comprise as component (b) addition polymerizable ethylenically unsaturated 
compounds selected from monounsaturated or polyunsaturated monomers, such as e.g. 
esters or amides of acrylic acid or methacrylic acid with monofunctional or poly- 
functional alcohols, amines, aminoalcohols and hydroxyethers or hydroxyesters. 

[040] Also suitable are mixtures of monounsaturated and polyunsaturated compounds, as 
described in 
US 5472824 — . 
and 

US 5472824 

[04 1 ] More specific examples of addition polymerizable compounds are butyl acrylate; 

isodecyl acrylate; 1,6-hexanediol dimethacrylate; 1,6-hexanediol diacrylate; trimethy- 

lolpropane triacrylate and dipentaeiythritol monohydroxypentacrylate. 
[042] More preferred weight proportions of component (b) are in the range of from 5 to 

30 % by weight, relative to the weight of components (a) and (b). 
[0431 The photopolymerizable compositions also comprise one of the known pho- 

toinitiators or photoinitiator systems, as components (c), e.g. raethylbenzoin, benzoin 

acetate, benzophenone, benzil dimethyl-ketal or ethyl anthraquinone/4,4-bis(dimethyl 

amiano)benzo-phenone. 
[044] More preferred weight proportions of component (c) are in the range of from 0.5 to 

5% by weight, relative to the weight of the total copolymerizable composition. 
[045] Examples of auxiliaries mentioned as component (d) include plasticizers, aromatic 

resin, additional compatible rubber, fillers, dyes and/or pigments, antioxidants, an- 

tiozonants, thermal polymerization inhibitors and liquid poly(isoprene), liquid 

poly(butadiene) and/or liquid S-B or S-I diblock copolymers. 
[046] It will be appreciated that the fiexographic printing plates according to the present 
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invention can additionally comprise a support layer, which may consist of sheets of 
various film-forming synthetic polymers. Polyester and polyester/polyamide sheets, 
optionally having an adhesive layer and/or antihalation layer, are preferred , and in 
particular polyethylene terephtalate sheets. 

[0471 Moreover said flexographic printing plates may also comprise a cover element, 
which is usually composed of a flexible cover film, optionally a flexible polymeric 
film and/or a layer of elastomeric composition. 

[048] The flexible cover film has to be removed before irradiation. This removal can be 
facilitated by a fine sheet of release agent between the flexible cover film and the 
flexible layer of polymeric film and/or a layer of elastomeric composition. 

[049] If present mis elastomeric layer comprises at least one block copolymer as specified 
hereinbefore. 

[050] The photopolymerizable compositions to be used according to the present invention 
can be prepared In a conventional manner by homogeneously mixing the individual 
components, for example in solution, or in a kneader, a mixer or an extruder. 
[051] Said compositions have good processability and layers of the desired thickness can 
be produced from the composition by e.g. casting a solution in a suitable solvent, such 
as toluene, xylene, cyclohexane, cyclopentane, tetrahydrofuran, methyl isobutyl ketone 
or tetrachloro ethylene, on a appropriate base. Layers of the composition can also be 
produced by compression molding extrusion and calendaring, and when a suitable 
process temperature, combined with a suitable inhibitor is used, no incipient thermal 
cross linking will occur. 
[052] The thickness of the layers can be varied within wide limits and can easily be 
chosen to suit a particular application. The thickness of the layers is usually in the 
range of from 0.01 to 6.5 mm. 
[053] The flexographic printing plate is exposed image-wise through a negative by 

commonly used methods. The cover layer of the flexographic printing plate is removed 
as usual before image-wise exposure. Any type and source of actinic radiation can be 
used to prepare the flexographic printing relief forms. Suitable radiation sources are, 
for example, mercury vapour lamps, incandescent lamps with special phosphors that 
emit ultraviolet light, argon incandescent lamps and photo lamps. The most suitable 
among these are mercury vapour lamps, particularly ultraviolet light lamps, and ul- 
traviolet fluorescent lamps. 

An overall backside exposure can be made before or after image-wise exposure. 
This exposure can be diffuse or directional. The exposure source can be all of the 
radiation sources conventionally used for the image-wise exposure. 

Unphotopolymerized areas of the printing plate can be washed off with suitable 
developer solutions, such as , for example, aliphatic or aromatic hydrocarbons such as 



[054] 



[055] 
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[056] 



[057] 



[058] 
[059] 

[060] 
[061] 



n-hexane, petroleum ether, hydrogenated petroleum fractions, limonene or other 
terpenes, toluene, isopropyl benzene etc., ketones such as, for example, methylethyl 
ketone, halogenated hydrocarbons such as chloroform, trichloroethane or tetra- 
chloroethane, esters such as, for example, acetic esters, acetoacetic acid esters or 
mixtures of these solvents. Additives such as surfactants or alcohols are possible con- 
stituents. After being dried, the resulting printing forms can be post-exposed or post- 
treated chemically in any sequence to make a non-tacky printing surface. 

The flexographic printing plates of the present invention have surprisingly been 
found to show an improved transparency as compared to those derived from pure 
mixtures of S-I-S and S-B-S block copolymers, a suitable hardness range and 
improved process stability, as compared to either S-I-S or S-B-S block copolymer. The 
flexographic printing plates of the present invention also exhibit a good solvent 
resistance and transparency. 

It will be appreciated that an important advantage of the flexographic printing plates 
of the present invention is, that they are transparent for visible and UV light, which 
enables a high quality sharpness in the subsequent flexographic printing plates. 

Examples 

The invention win now be described in more detail by the following examples, 
however without restricting its scope to these embodiments. 
Inggdiaoda description 



Table 2 (Rubbers) 

Polymer Block 

structures 
and nature 



SIS1 

SIS2 

SIS3 

SBS1 

SBS2 

S(I/B)S1 

S(I/B)S2 

S(I/B)S3 



SIS/SI 
SIS 
SIS/SI 
SBS/SB 
SBS/SB 
S(I/B)S/S(I/B) 
(S(I/B)yS(I/B)* 

S(I/B)S* 



I/B PSC Main Tri-block 


% Vinyl 


weight (%w) 


structureG 


content 


in rubber 


ratio 


PCMw 


(%w) 


mole% 


in rubber 




(kg/mole) 




(+/-3%) 


100/0 


15 


222 


80 


10 


100/0 


19 


178 


100 


10 


100/0 


30 


141 


83 


10 


0/100 


31 


172 


84 


10 


0/100 


29 


126 


85 


10 


60/40 


19 


184 


75 


10 


50/50 


30 


230/320 / 


76*** 


10 






402** 






75/25 


18.5 


171 


100 


33 
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Polymer 


Block 


I/B 


PSC 


Main 


Tri-block % Vinyl 


names 


structures 


weight 


(%w) 


structureG 


content 


in rubber 




and nature 


ratio 




PCMw 


(%w) 


mole% 






in rubber 




(kg/mole) 




(+/-3%) 


LiqSI 


SI 


100/0 


13 


30 


0 


10 


LiqPB 


PB 


0/100 


0 


4.1 


0 


55 



[062] * S(I/B)S and S(I/B)S 2 are respectively coupled with a di and tetrafunctional 

coupling agent; S(I/B)S 3 is sequentially polymerized 
[063] ** Those are the GPC Mm of the main peak corresponding to (SI/B) 2 , (SI/B) 3 and 

(SI/B) 4 present in the ratio close to 1 .5/5/0.5 
[064] *** (SI/B)x % w with x>l 
[065] 



Table 3 



Mineral plasticizer: 


ONDINA™ N68 a fully hydrogenated naphthenic mineral oil 




(Shell) 


Photo initiator. 


IRGACURE™ 651 a 2,2-dimethoxy-l ,2-diphenyl ethan-l-one 




(Ciba Speciality Chemicals) 


Antioxidant 


IRGANOX™ 1010 a tetrakis- 




emylene^3,5^i-teitiaiy-butyl^hydjoxy-hydrodnnamate)met 




bane (Ciba speciality chemicals) 



[066] MTXING PROCESS 

[067] The solid rubbers) and the plasticiser were dry mixed at room temperature. After 
hand mixing the 'dry mixed* ingredients were poured into the internal mixer cup 
rotating at 50 rpm and preheated at 140°C. Eventual liquid rubbers were then added to 
the cup. Once all previous ingredients were introduced, the reactive monomers were 
added. The mixing proceeded then for 4 minutes and the eventual photoinitiator was 
then added followed by an additional minute of mixing. The torque required to mix the 
ingredients was sometimes recorded at the final stage. The measured torque is a direct 
indication of the mixture viscosity since the rotation speed is constant and since the 
cup is always containing the same amount of ingredients (the ingredients represent in 
all cases 90% of the internal mixer volume). The homogenised mixture was then 
removed from the internal mixer and cooled down to room temperature. 

[068] PT.ATE PRODUCING PROCESS 

[069] Hot mixed compositions were shaped into plates in a hot hydraulic press 
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(Schwabenthan press). The required amount of the composition was put inside an 
insert of the final required thickness and surrounded on top and bottom by release 
paper. The composition was then heated up to 140°C and compressed up to 1 MPa 
pressure. This pressure was maintained for a minute. The photo-curable plate thus 
obtained was about 2 mm thick. This hot plate was sometimes repressed between two 
PET films. 

[070] The plate was stored in the darkness, since the presence of photo initiator and pho- 

topolymerisable monomer makes the plates sensitive to curing in daylight 
[071] CURING PKQCESS 

[072] The plate was cured with a 300 W/inch (300 W/2.5 cm) UV mercury medium 

pressure lamp from American UV Company. Samples were passed a specified number 
of times under the lamp at a speed of 10 mAnin. For multiple passes, the sample was 
turned upside down after each pass. 

[073] A UV compact radiometer (ex UV Process Supply Inc.) was used to check the UV 
dose corresponding to the above curing process. One pass under the lamp without any 
film barrier was measured at around 350mJ/cm 2 . 

[074] CHARACTERISATION TESTS: 

[075] MELT FLOW RATE 

The melt flow rate was measured according to ISO 1333 with 200°C/5 kg conditions. 
The results are expressed in grams of polymer that flew out in 10 minutes (g/10 min). 

[076] HAZE 

Haze was measured according to ASTM D1003 on a Colorquest II. 

[077] REFLECTANCE 

REFLECTANCE was measured with 'THE CoIorQUEST* in the reflectance 45/0 
Observer 2° mode (incident light angle = 45° reflectance observed perpendicular to the 
panel). The machine was standardised following the required procedure. The sample 
was measured with the standard black panel as background. The standard black panel 
giving 0% reflectance, any reflected light at 400nm is due to scattering inside the 
rubber plate. 

[078] UV TRANSMIS SION LEVEL 

The UV transparency/transmission measured the fraction of UV light transmitted 
through the measured plate (of fixed thickness=2mm). The plate lying on the UV 
compact radiometer passed under the UV lamp described above in CURING 
PROCESS. The ratio of the UV intensity in the presence and absence of the plate gave 
the UV transmission level. If the plate was surrounded by 2 PET films, the intensity 
without plate was measured through 2 PET film. 

[079] At low level of UV absorption, the UV scattering is given by 100%-UV 
transmission (%). 
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[080] HARDUE5S 

Shore A hardness was determined after 27s (sometimes 3s) penetration of the needle 
type A in the sample and in accordance with ASTM D 2240. 

[081] GET, CONTENT 

A known amount of the measured plate was soaked in a large amount of toluene for 
one night. The not dissolved mass was filtered off and dried at 70°C under vacuum 
until no further weight loss occurred. The gel content was calculated via: gel content 
(%) = / * 100 with W being the weight of the cured plate prior to 

dissolving in toluene, and W being the weight of the cured plate after dissolving in 
toluene and drying. 

[082] SWELLING in TOLfUENF, 

The swelling in toluene assesses the cross-link density of the gel fraction after curing. 
To measure the swelling in toluene, a known amount of the plate was soaked in toluene 
for one night. The solution was filtered and the swelled insoluble fraction on the filter 
was weighted giving W . The same not dissolved mass was dried at 70°C under 

<«wdl) 

vacuum until no further weight loss occurred. The swelling in toluene was calculated 
via: Swelling in toluene (%)=W /W * 100. 

(swelD (dried) 

[083] With respect to transparency and melt stability the following is observed. Both SIS 
and SBS are known to lead to very transparent flexographic plates. Both the pure SIS 
and the pure SBS lead respectively here to 2.9 and 1 .7% reflectance. Unfortunately, 
straight mixtures of those two rubbers give low transparency, high reflectance 
properties (above 3% reflectance). The highest (worse) reflectances are found in the 
range 20/80-80/20 and more especially in the 30/70 - 70/30 ratios. : 

[084] 

Table 4 



SIS1/SBS1 weight ratio (w%) 


Reflectance at 400nm (%) 


100/0 


2.9 


90/10 


4.0 


80/20 


3.7 


70/30 


4.5 


60/40 


7.4 


40/60 


6.5 


30/70 


5.7 


20/80 


3.7 


10/90 


2.6 
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SIS1/SBS1 weight ratio (w%) 


Reflectance at 400nm (%) 


0/100 


1.7 


Blanco 


0.0 



[085] The sample reflectance is not at all a linear function of the blend composition. The 
reflectance shows a large maximum around S0/50 ingredient ratio and is too high in the 
range 20/80 to 80/20. That range corresponds to white 'milky' haze in the sample. To 
get really transparent and non-scattering samples, nearly pure SIS or SBS binder must 
be used. The user therefore has no access to intermediate formulations with acceptable 
high transparency/low reflectance, albeit that such intermediate formulations are 
desirable for several reasons. For instance, this would allow far more flexibility for the 
formulator to combine specific characteristics of the SIS and the SBS families. 

[086] The data of table 5 demonstrate the large range of hardness and viscosity one could 
reach by blending SIS type polymer with SBS type polymer. 

[087] 

Table 5 



SIS1/SBS1 


Hardness 


Torque (140°C) (Njn) 


weight ratio 


3s 






(Shore A) 




100/0 


33 


21 


90/10 


35 


22 


80/20 


40 


34 


70/30 


44 


38 


60/40 


50 


45 


40/60 


62 


65 


30/70 


64 


78 


20/80 


70 


80 


10/90 


75 


86 


0/100 


75 


108 



[088] A property where the combination would be desirable is viscosity stability during 

the melt processing. Once mixed and processed at high temperature, typically 140°C to 
180°C, the SIS polymers have a clear tendency to degrade and drop in viscosity while 
the SBS polymers have a tendency to cross-link leading to increased viscosity and the 
creation of gels. It is here of direct interest to find systems stable in viscosity during 
the processing. The polymer systems from the present invention are directly solving 
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[089] 



this issue (see table 6) while keeping the excellent transparency properties of the pure 
SIS and SBS systems (see table 7) 

Table 6 



[090] 



[091] 
[092] 



MFR(200°C,5kg) 






SB SI (67%) 


pure 


pure 


(g/lOmin) 


pureSISl 


pure SBS2 


+oil (33%) 


S(I/B)S1 


S(I/B)S3 


MFR(4min) 










6,8 


(ISOH33) 


8,4 


8,0 


14,6 


7,2 


MFR(16min) 


8,8 


6,2 


12,9 


7,1 


6,1 


MFR change in 










-10 


12minatl60°C(%) 


+ 5 


-23 


-12 


-1 


Gel %w (2h at 










<1 


160°C) 


<1 


2,7 


<1 


<1 


Gel%w(2hatl60°C 










2$ 


+ 4hatl80°Q 


<1 


13,5 


<1 


1,2 


Plate aspect (2h at 


very sticky 










160°C) 




dry 


dry 


dry 


dry 


Plate aspect (2h at 


very 










160°C+4hatl80°C) 


sticky. 




dry, 








greasy 


dry 


brownish 


dry 


dry 



SIS1, SBS2, S(I/B)S1, S(I/B)S3 are acceptable. The SBS1 being too viscous was 
measured while extended with plasticizer. Leaving those materials at 200°C for 
additional 12 minutes demonstrated the degradation phenomena in the melt The SIS 
was increasing in How demonstrating the chain scission, while both SBS systems 
clearly decreased in flow. The two S(I/B)S were clearly better in stability than both 
SBS. Plates of the same polymer were pressed and kept for 2 hours at 160°C This 
second ageing test lead to very clear gel formation in the SBS2 while led to very sticky 
SIS plate. A further extremely tough ageing test (2 h at 160°C plus 4 hours at 180°C) 
demonstrated the excellent stability of the S(I/B)S (remained dry in touch while 
generating no gel in normal degradation condition and low gel in very tough 
conditions). 
Table 7: 

Mixtures of SIS + SBS are not acceptable due to their bad transparency. 
Conversely, S(I/B)S alone or in mixture with SIS and/or SBS gives transparent rubber 
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plates. 

[093] 

Table 7 



Rubber plate composition UV not 


UV Hardness 


transmitted 


Transmit-ta 


Shore A 




'scattered' 


nee 




fY«Tir»!arotivp» niShpr pnrmnrviitinTi 


100%- Tr% 




Tr% 






11 




89 


33 


ODO 1 


o 




100 


74 


SBS2 


11 




89 


Do 


SBS1+SBS2; 50/50 


10 




90 


74. 


SIS1 + SBS1 ; 50/50 


52 




48 


55 


SIS1 + SBS2; 50/50 


41* 




59 


55 


Rubber composition suitable for the 










invention 










S0/B)S1 


19 




81 


49 


S(I/B)S1 + SIS1 ; 50/50 


15 




85 


41 


S(I/B)S1+SBS1 ; 50/50 


10 




90 


61 


S(I/B)S1 + SBS2 ; 50/50 


9 




91 


59 


S(I/B)S3 + SIS1 ; 50/50 


7 




93 


40 


S(I/B)S3 + SBS1 ; 50/50 


4 




96 


56 


S(I/B)S1+SIS1+SBS2; 33/33/33 


27* 




73 


48 


S(I/B)S2+SBSl-kril; 37.5/37.5/25 


14 




86 


44 


S(I/B)Sl+LiqSI ; 85/15 


16 




84 


33 


S(J/B)Sl+LiqPB; 85/15 


11 




89 


30 



* By comparing the two asterisked samples, we can directly observe the positive 
compatibilisation effect of the SIBS1 for the SIS1+SBS2 system. The absolute level of 
UV transmittance while acceptable is borderline showing the necessity to use at least 
30% of SIBS in the rubber mixtures. 



[095] The final two examples demonstrated that liquid rubbers of both PI or PB natures 
lead to transparent systems once compounded with SIBS type block copolymers. 

[096] The following compositions describe fully formulated compositions according to 
the invention compared to existing fully formulated comparative compositions. 
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[0971 Table 8 ; 

[098] The formulation/process used in the following table is Rubbers) 89% + HDDA 
10% + 1% IRGACURE ™ 651 mixed and UV cured 

[0991 



Table 8 



Composition 


Rubbers) nature 


Properties 




number 












(% by weight in rubber) 


Average re- 


Toluene 


Toluene 






flectance % 


Gel% 


swell % 






(400nm light) 






1* 


SIS1 50% + SBSl 50% 


7.7 


99 


417 


2* 


SIS1 50% + SBS2 50% 


123 


98 


446 


3 


S(I/)BS1 100% 


1.8 


98 


468 


4 


S(I/B)S1 50% + SIS1 50% 


2.1/2.2 


98/98 


470/464 


5 


S(I/B)S1 50% + SBS2 50% 


1.9 


98 


457 



[100] * denotes a comparative composition 

[101] Compositions 3, 4 and 5 demonstrate the superior transparency of the S(I/B)S based 
formulation as compared to compositions 1 * and 2* without S(I/B)S but based on 
mixture of SIS with SBS polymers. Gel % and swelling levels are close in all cases. 

[102] Table9; 

[103] In addition to processing stability problems, the composition 1 1 * shows a non 
attractive viscosity once compared to the composition 9, composition 10, a slightly 
lower oil content version of composition 9 allows to retrieve the mechanical properties 
(and similar viscosity) of the comparative composition 1 1 *, but with a higher (better) 
cured gel content The composition 6 demonstrates that, in addition to the reduced 
stickiness, S0t/B)S can lead to higher hardness cured plates as compared to the 
composition 12* using SIS while exhibiting similar processing viscosities. 

[104] 

Table 9 





6 


7 


8* 9 


10 


11* 


12* 


S(I/B)S1 
S(I/B)S2 


100 

i 


100 

i 


1 I 100 


|ioo 




i 
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6 


7 


8* 


9 


10 


11* 


12* 


SIS1 






60 








100 


SBS1 






40 






100 




WlNA-/lVN/\ 1NUO 




20 


20 


60 


40 


60 




HDDA 


10 


10 


in 
1U 


in 


i n 


XKJ 


m 


IRGACURE651 


2 


2 


2 


2 


2. 


Z 


4» 


IRGANOX 1010 


1 


1 


1 


1 


1 


1 


1 


Torque N.m 


11.2 


6.4 


8.2 


1.9 


7.0 


7.0 


10.0 


Light (400nm) re- 


2.2 


1.8 


6.7 










flectance % 
















Hardness Shore A 


29 


23 


21 


24 


29 


28 


24 


(3s) Non cured 
















Hardness Shore A 8 


54 


43 


40 


44 


49 


47 


42 


UV passes 
















Hardness Shore A 24 


65 


52 


50 


48 


55 


54 


50 


UV passes 
















Calc max gel 


97 


83 


83 


64 


72 


64 


97 


Gel %w 


95 


81 


81 


62 


70 


63 


94 


8 UV passes 
















Swelling %w 


687 


880 


955 


1380 


1225 


1245 


660 


8 UV passes 
















Swelling %w 


496 


623 


628 


930 


873 


890 


485 


24 UV passes 

















[105] * denotes a comparative composition. 

[1 06] Composition 6/composition 8*: at close viscosities, composition 6 gives far better 

transparency and solvent resistance. 
[1 07] Composition 7/composition 8*: while leading to very close hardness and solvent 

properties, composition 7 exhibits a lower viscosity and specially a far better 

transparency. 

Technical Field 

[108] The present invention relates to photopolymerizable compositions, to fl exographic 
printing plates to be derived from said compositions and to flexographic printing relief 
forms prepared from said plates. 

[1 09] More in particular, the present invention relates to compositions showing an 
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improved combination of processing stability, transparency and low melt viscosity, and 
to flexographic printing plates showing an improved combination of transparency, 
hardness and solvent resistance. 
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Claims 

[001] Photopolymerizable composition, which comprises: 

(a) from 20 to 98.9 % by weight, based on the weight of components (a) and (b) 
of one or more thermoplastic elastomeric block copolymers comprising a ther- 
moplastic elastomeric block copolymer of the formulae 

A-C-A(l) or(A-C)X(2) 

wherein each A independently represents a polymer block of predominantly a 
monovinyl aromatic hydrocarbon having an apparent molecular weight in the 
range of from 7,000 to 25,000, wherein n is an integer equal to or greater than 2 
and wherein X is the residue of a coupling agent, and wherein each C inde- 
pendently represents a substantially random copolymer block (I/B) of pre- 
dominantly isoprene and butadiene in a mutual weight ratio in the range of from 
20/80 to 80/20, wherein said polymer block C has a glass transition temperature 
(Tg) of at most 0°C, (determined according to ASTM E-l 356-98) , and having a 
vinyl bond content (the 1,2 and/or 3,4-addition polymerization of the isoprene 
and butadiene) in the range of from 5 to 70 mole%, said thermoplastic block 
copolymer having a poly(monovinyl aromatic hydrocarbon) content in the range 
of from 10 to 45 wt% and having an apparent molecular weight of the complete 
block copolymer in the range of from 100,000 to 1,500,000, 

(b) from 1 to 60 % by weight, based on the weight of components (a) and (b), of 
one or more photopolymerizable ethylenically unsaturated low molecular weight 
compounds, 

(c) from 0.1 to 10 % by weight, based on the total photomerizable composition 
of one or more polymerization initiators, and optionally 

(d) from 0 to 40 % by weight, based on the total photopolymerizable com- 
positions, of one or more auxiliaries. 

[002] Photopolymerizable composition according to claim 1 , wherein thermoplastic 

elastomeric block copolymer of the formulae 
A-C-A (l)or(A-C)X(2) 

comprises at least 30% by weight of said component (a). 
[003] Photopolymerizable composition according to any one of claims 1 and 2, 

wherein the weight proportions of component (a) are in the range of from 20 to 
80 wt%. 

[004] Photopolymerizable composition according to any one of claims 1-3, wherein the 

mutual weight ratio between isoprene and butadiene in the I/B blocks is in the 
range according to the equation: 
-30<4O4-V-I<30 
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wherein I is the isoprene content in the I/B block and "V" is the molar ratio in 

percent of 1,2 or 3,4 addition polymerization in the 1/B blocks. 
[005] Photopolymerizable composition according to any one of claims 1-4, wherein 

component (b) is selected from esters or amides of acrylic acid or methacrylic 

acid with monofunctional or polyranctional alcohols, amines, aminoalcohols and 

hydroxyl ethers or bydroxyl esters. 
[006] Photopolymerizable composition according to claim 5, wherein component (b) is 

selected from butyl acrylate, isodecyl acrylate, trimemylolpropane triacrylate and 

dipentaerythritol monohydroxypentacrylate. 
[007] Photopolymerizable composition according to any one of claims 1-6, wherein the 

weight proportions of component (b) are in the range of from 5 to 30 % by 

weight, relative to the weight of components (a) and (b). 
[008] Photopolymerizable composition according to any one of claims 1-7, wherein the 

weight proportions of component (c) are in the range of from 0.5 to 5% by 

weight, relative to the weight of the total copolymerizable composition. 
[009] Flexographic printing plate derived from photopolymerizable composition 

according to any one of claims 1-8. 
[01 0] Flexographic printing relief forms, prepared from flexographic a printing plate 

according to claim 9. 
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